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iii  Abstract 
 
A spatial optimization model was developed to analyze the impacts of structural changes 
in China’s consumption of wheat, corn, rice, and soybeans on its agricultural sector and world 
agricultural trade. The model included 16 exporting and importing countries and regions. China 
was divided into 31 provinces and the United States into 24 producing regions and 10 consuming 
regions. The model optimizes agricultural production and distribution systems to meet the 
predicted demand for grains and oilseeds in 2020 under several assumptions associated with 
technical progress in producing the grains and oilseeds in China, the United States, and other 
countries.  
 














































China’s agricultural production increased during the late 1970s, resulting in a greater 
food supply for the population. In the 1990s, due to increased industrial production, Chinese per 
capita income increased substantially. China entered the world economy in 2001 with 
membership in the World Trade Organization (WTO). Increased industrial production has 
occurred in the eastern portion of China. Population in this area has increased quickly, as people 
have migrated toward employment opportunities. Population in many provinces in the east and 
south has increased by 200% to 300% since 1980. Increases in personal income have changed 
food consumption patterns. Chinese consumers consume less cereals and more meats, fruits, and 
vegetables. These changes will continue to impact the entire agricultural structure of China and 
global trade for agricultural goods into the future. 
 
A multi-nation spatial equilibrium model was developed to optimize agricultural 
production and distribution systems to meet the predicted demand for wheat, corn, rice, and 
soybeans under assumption of technological progress in production. The model contains 16 
exporting and importing countries and regions. 
 
Chinese corn production has increased from less than 100 million metric tons in 1990 to 
over 130 million metric tons in 2005. Corn consumption increased from 80 million metric tons in 
1990 to 138 million metric tons in 2005. During this time period, China remained self-sufficient 
in the corn sector. Wheat and rice production has decreased as consumption decreased. Chinese 
soybean consumption and production remained equal until 1998 when China began importing 
soybeans. In 2005, China imported 28 million metric tons of soybeans. 
 
Chinese agriculture is competitive when compared to the rest of the world for all crops 
except for soybeans. When planting restrictions are relaxed, production is maintained for corn, 
wheat, and rice. In 2020 under low technological change, Chinese corn production is expected to 
increase 29% over 2005 followed by 17% for wheat, and 12% for both soybeans and rice. If crop 
yields increase by about 20%, China’s production could increase by almost 46% for corn, 20% 
for soybeans, and 18% for wheat and rice production. 
 
Recently, China has not imported wheat, corn or rice. However, soybean imports have 
grown rapidly to about 29 million metric tons in 2006. In 2020, under low technological change, 
China would import 12 million metric tons of corn, 7.6 million metric tons of rice, and 6.6 
million metric tons of wheat along with 46 million metric tons of soybeans. With rapid increases 
in technology, imports of wheat would be reduced to 3.3 million metric tons and soybean 
imports would be reduced to 43 million metric tons in 2020. China would import neither corn 
nor rice. 
 
U.S. corn production is competitive over other crops and countries. If planting 
restrictions were relaxed, U.S. corn production would increase 5.6%, compared to actual 
production in 2005, while the other U.S. crops would remain constant. U.S. corn production is 
expected to increase 12.4% by 2020 along with a 2.1% increase in wheat production. Soybean 
and rice production is expected to decrease 13% and 12.2%, respectively, by 2020 under the low 
technology scenario. Under the high technology scenario U.S. corn production will increase 26% 
in 2020 compared to 2005, while wheat production should increase 14.8%. Soybean production 






v  Expected Changes in China’s Grain and Oilseed Industries 




  The Chinese miracle, if it could so boldly be called, began in the mid to late 1980s. 
Agricultural reform began in the late 1970s, with the slow conversion of communal type 
agriculture to private production systems. Although private ownership of arable land was 
prevented, production decisions were turned over to individual producers. During the early 
1990s, industrial production began to increase as the Chinese government entered the world 
economy. In 2001 China became a member of the World Trade Organization (WTO). As shown 
in Figure 1, per capital GDP in China has grown from $186 in 1980 to just under $1,200 per year 
in 2006 (International Monetary Fund). However, the income disparity between rural and urban 
areas is growing. Its per capita GDP is still much lower than most nations, but its GDP is the 5
th 
largest in the world. Income growth has averaged 7.9% per year since 1990.   
 


















  Along with the income growth, a major change has occurred in the dietary patterns of the 
Chinese people; they consume less cereals from wheat and rice and more meats, fruits and 
vegetables. This consumption trend may continue in the future if income grows at similar rates as 
experienced in the past decade. Chinese production of agricultural commodities has increased 
enough to satisfy domestic demand. Thus, changes in food consumption in China may have had 
an insignificant impact on world agriculture. However, if increases in consumption are faster 
than production, it may affect world agriculture significantly.  
 
  For years, China has been expected to import large quantities of commodities as 
production falls behind consumption. However, that has not occurred except in the case of 
soybeans. In recent years, China has been reducing carry-over supplies to maintain current 
consumption without increased imports. However, carry-over stocks will reach the point where 







































































$  The purpose of this study is to examine the impacts of expected structural changes in 
Chinese agricultural consumption on its agricultural sector and world agricultural trade. More 
specifically, this study focuses on expected changes in Chinese agricultural consumption and its 
agricultural sector as well as global trade under given production technologies.   
 
  A global multi-commodity optimization model focusing on the production and 
consumption of grains and soybeans was developed for this study. Demand for wheat, corn, 
soybeans, and rice are forecasted on the basis of predicted income and population growth, and 
are incorporated into the model. Since there are some uncertainties as to increases in yields of the 
crops, based on farming technologies, this study is based on different levels of yield increases.  
 
Halbrendt, Webb, and Aull-Hyde (1994) developed a multi-commodity spatial price 
equilibrium (SPE) model to study the changes in Chinese trade patterns if infrastructural 
improvements and trade reforms are made. It differs from past SPE studies in that it accounts for 
cross-commodity effects in supply and demand specifications. China was grouped into 14 
domestic trade regions and one external import-export region. Their results indicate that, with 
improved transportation, demand and supply would not change but price would decrease, 
reflecting increases in efficiency. Webb, Halbrendt, Gana, and Tuan (1994) used a similar model 
to analyze the impact on Chinese budget expenditures, interregional trade, and international trade 
if China was to maintain self-sufficiency of wheat. The results indicate that the international 
impacts on supply and demand were estimated to be small, however the interregional impact 
would be much larger. Koo and Fruin (1994) examined the basic modeling techniques applied to 
transportation systems for agricultural products to analyze how a transportation system can 
improve the efficiency of agricultural production through production specialization.  
 
Liu and Wang (2005) focused on the factors contributing to the rise of Chinese 
agricultural production in the 1990s compared to the stagnation in the 1980s. A Cobb-Douglas 
production function was used to estimate the impacts of various technological changes which 
occurred in the early 1990s. Land tenure provided the largest impact on production, followed by 
fertilizer and mechanization. Dong and Fuller (2007) studied changes in Chinese dietary patterns 
to determine if urban dietary patterns differed from rural patterns. Utilizing the Rotterdam 
model, the study found that structural changes did occur during the 1980s, however most 
changes in consumption of traditional food could be explained by normal price and income 
effects. This study also shows that consumption of fruits and seafood has had the largest 
structural change. 
 
Overview of the Chinese Grain and Soybean Industries 
 
  There have been significant changes in the per capita consumption of wheat, rice, corn, 
and soybeans in China for the last two decades. Per capita consumption of rice peaked in 1991 at 
108.7 kg per year, but has fallen 5.2% by 2006 (Figure 2). Per capita consumption of wheat 
peaked in 1999 at 91.8 kg per year and has also fallen 8.5% by 2006. During that same time 
period the per capita consumption of soybeans has increased 287% and corn consumption has 

























         Source:USDA-PS&D Data Base 
 
Table 1. Chinese Livestock Consumption, Selected Years 
    
  Cattle  Pork  Poultry 
  ---------Total Slaughter--------- Total 
Distribution 
  m head  m head  m mt 
1990  10,883  309,910  2,492 
1995  30,497  475,591  7,966 
2000  39,648  526,730  9,857 
2006  55,800  701,399  10,720 
 
 
         Source:USDA-PS&D Data Base 
 
  Increased consumption of corn and soybeans is due to an increase in livestock feed. 
China has increased livestock production to satisfy increased consumption of meat due to the 
increased income levels in China. Table 1 shows total consumption of cattle, pork, and poultry in 
China for various years. Beef consumption increased 413% between 1990 and 2006, and 41% 
since 2000. Pork consumption increased 126% between 1990 and 2006, and 33% since 2000. 
Poultry consumption increased 330% between 1990 and 2006 and 9% between 2000 and 2006. 
Total population increased 14% for the 1990-2006 period and 4% since 2000. For the same time 
period, corn consumption increased 77% and soybean consumption increased 393%. Chinese 
dietary patterns have changed and will continue to change as income rises. China has remained 














































































Wheat Figure 3. Chinese Production and Consumption of Corn and Soybeans, 1990-2006 
    
 
 
 Source:USDA-PS&D Data Base 
 
                                   Corn                                                                  Soybeans 
 
  Figure 3 shows the production and consumption of corn and soybeans. China began 
importing soybeans in 1998. Its imports reached 31.5 million metric tons in 2006 mainly because 
of a sharp increase in consumption, compared to its production, as shown in Figure 3. Soybean 
consumption increased from about 10 million metric tons in 1990 to 48 million metric tons in 
2006, while soybean production remained at 16 million metric tons. China imported 45% of the 
world’s exportable supply of soybeans in 2006. The consumption of corn increased from 80 
million metric tons in 1990 to over 140 million metric tons in 2006. Corn production has 
increased as fast as consumption, and as a result China exported corn some years and imported 
during others. For the last three years, China has been self-sufficient in overall consumption of 
wheat and rice. Even though the production of rice and wheat fell behind consumption between 
2000 and 2005, China used carry-over stocks to meet excess demand for the crops (Figure 4).  
 




Source: USDA-PS&D Data Base 
 


































































































































































































































































































































































Source: USDA-PS&D Data Base 
 
                               Harvest Area                                                               Yields 
 
 
  Figure 5 shows the Chinese harvested area and yields for corn, rice, soybeans, and wheat 
since 1990. Harvested area for rice and wheat has decreased 12% and 24%, respectively, since 
1990. However, corn and soybeans harvested area has increased 23% and 26%, respectively, 
during the same time period.  
 
  Crop yields have increased during the past 20 years (Figure 5). Wheat yields have 
increased by 39% since 1990 in China, soybeans yields by 20%, corn yields by 17%, and rice 
yields by 9%. Figure 6 shows the ratio of Chinese crop yields compared to U.S. crop yields since 
1960. The ratio that is equal to 1.0 indicates that crop yields are the same between the United 
States and China. If the ratio is larger than 1.0, crop yields in China are higher than those in the 
United States. On the other hand, if the ratio is less than 1.0, crop yields in China are lower than 
those in the United States. According to USDA statistics, the ratios were 0.29 in 1960 and 0.57 
in 2006 for corn, indicating that corn yields in China were 29% of U.S. corn yields in 1960, but 
57% in 2006. The ratio for wheat was at 44% of U.S. wheat yields in 1960 compared to 170% in 
2006. The ratio for rice were at 49% of U.S. rice yields in 1960 and about 80% of U.S. rice 
yields in the last five years. The ratio for soybeans was 51% of U.S. yields in 1964 and 61% in 
2006. These comparisons clearly indicate that crop yields have increased in both the United 











































































































































































































          
Source: USDA- PS&D Data Base 
 


















Source: United Nations-FAO website     
 
However, Chinese yields are lower than those in the United States except for wheat. 
Wheat yields in China were lower than the United States until 1982, but much higher than those 
in the United States since 1982. 
 
  There have been significant changes in the Chinese dietary patterns between 1990 and 
2005. The index of total meat consumption increased 386% since 1990, but most of the increase 
has occurred since 2001 (Figure 7). The increases are due mainly to consumer’s preference 
toward meat as a result of increased per capita income in China. Fruit and vegetable consumption 
increased 142% and 135%, respectively, since 1990. On the other hand, per capita cereal 



































































































































































































































































































Source: China National Bureau of Statistics 
 
  In 1978, 23% of the population lived in urban areas and 77% in rural areas. By 2004 that 
had changed to about 35% in urban and 65% in rural (Figure 8). People migrated to urban areas 
for higher paying jobs in the cities. Figure 9 shows the percentage change in population of urban 
and rural areas. The major change has occurred since 1991 when urban population grew an 
average rate of 4.5% per year. Rural areas are slowly losing population. 
 




Source: China National Bureau of Statistics 
 
  Population change does not occur evenly across the country. Some areas gain population 
while other areas lose population, depending on economic opportunities. The provinces with the 
fastest growing urban population are mainly in the southeastern region of the country; mainly 
Shandong, Guongdong, Hunan, Hainan, Hubei and Henan. The urban growth rate for those six 
provinces averaged about 273% between 1980 and 2004, while the rural population growth rate 




































































































Ruralaveraged 123% during the same period, while population increased 9% in rural areas. The rapid 
change in population distribution has changed consumption patterns in China. Urban areas tend 
to have higher incomes and faster growth in populations than rural areas. Thus, urban areas have 
different composition of food consumption compared to rural areas.   
 





















      
Source: China National Bureau of Statistics 
 





























































































































































































































 Development of an Empirical Model 
 
  Several factors affect world grain production and trade. These include supply and 
demand of individual countries and regions, production costs, trade and agricultural policies, 
interior shipping and handling costs, and ocean shipping costs. To analyze the world agricultural 
production and distribution system, a spatial optimization model for world grain production and 
trade was developed. The model contains 16 importing and exporting countries. Exporting 
countries are Argentina, Australia, Brazil, Canada, the United States, and China. Importing 
countries and regions are Japan, Mexico, Europe, South Korea, the Former Soviet Union/Middle 
East (FSU-ME), Latin America, North Africa, South Africa, South Asia, and Southeast Asia. 
Since China exports or imports some of these crops, the model allows China to export or import 
depending upon its demand and supply conditions. Crops considered for this model are wheat, 
corn, soybeans, and rice.   
 
Some of the countries are subdivided into several producing and consuming regions to 
incorporate regional characteristics in production and consumption mainly because agricultural 
production and consumption characteristics differ from one region to other regions in countries 
such as China, the United States, Canada, and Brazil. These countries are subdivided into several 
producing and consuming regions. The United States is sub-divided into 24 producing regions 
and 10 consuming regions; China was divided into 31 producing and consuming regions (Figure 
11), Canada into five producing and consuming regions, and Brazil into two producing and 
consuming regions. Thus, the total number of producing countries/regions in the model is 74 and 
the number of consuming countries/regions is 60. In addition, the model allows trade of the crops 
from producing regions in exporting countries to consuming regions in importing countries 
through ports. The number of ports are three for the United States, five in China, two in Canada, 
two in Brazil and one in other countries. Modes of transportation included in the model are truck, 
rail, and barge for inland transportation, and ocean vessel for ocean transportation.  
  
Spatial Optimization Model:  
 
  The objective function of the model is to minimize production costs of crops in producing 
regions as well as transportation and handling costs occurred in shipping the crops from the 
production regions to domestic and foreign consuming regions. The objective function is 
optimized subject to a set of linear constraints associated with demand and supply of crops in 
consuming and producing regions, respectively.   
 
  The logic to the objective function reflects what would be considered a longer-term 
competitive equilibrium for the quantities of crops produced in each producing region and spatial 
flow of crops from producing regions to consuming regions based on both production costs and 
shipping and handling costs. In the long run, it is more likely that the optimal production and 
spatial flow of agricultural commodities would be determined on the basis of production costs in 
producing regions and the marketing costs from producing region to consuming regions. In 
addition, yields in producing regions are included to measure efficiency in producing crop and 
oilseeds. Projected demand for the crops in consuming regions is satisfied through the 




9    The model is solved jointly for each of the four crops. Costs included in the model are 
production costs for each crop in each exporting country and region, inland shipping costs from 
producing regions to both consuming regions and ports for exports, ocean shipping costs from 
exporting countries to importing countries, and inland shipping cost in importing 
countries/regions. 
 
  The objective of the model is: 
 




cij cij =+ ΣΣ ΣΣΣ ()  
 




cpq cpq tQ tQ  
 






cqj cqj tQ t Q () α  
 
where i = index for producing regions in exporting countries, j = index for consuming regions in 
both exporting and importing countries, p = index for ports in exporting countries, q = index for 
ports in importing countries, Aci = area used to produce crop c in producing region i, t = 
transportation cost per ton, Q = quantity of crop shipped, and α = tariff used in the Panama 
Canal. 
 
  The first term, on the right hand side of Equation 1, represents production costs of the 
crop in producing regions of exporting countries; the next two terms represent transportation 
costs of shipping the crops from producing regions to domestic consuming regions for domestic 
consumption and ports for exports. The next two terms represent ocean shipping costs from ports 
in exporting countries to ports in importing countries with and without the use of the Panama 
Canal. Those vessels going through the canal must pay a tariff at the canal. The last term 
represents transportation costs of shipping crops from ports in importing countries to consuming 
regions in the countries. The objective function is minimized subject to the following constraints: 
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where y = crop yields per hectare in producing regions in exporting countries, TA = total arable 
land in each producing region in exporting countries, MA = minimum land used for each crop in 
producing regions in exporting countries, and D = demand for each crop in consuming regions 
PCA = handling capacity in each port in exporting countries, and PCC = throughput capacity for 
crop at the Panama Canal. 
 
10    Equation 2 indicates that each crop produced in each producing region in exporting 
countries should be equal to or larger than the quantity of the crop shipped to domestic 
consuming regions and export ports. It is assumed that a country exports crops after satisfying its 
own domestic consumption. Under this assumption, exportable surplus is the total domestic 
production of the individual crop minus the domestic consumption of the crop. Equation 3 
represents the physical constraint of arable land in each producing region, indicating that the 
total land used for crop production in a producing region should be equal to or less than the total 
arable land in the region. Since total arable land is fixed in each producing region, production 
activities should be optimized within the physical constraint of arable land. Equation 4 represents 
characteristics of production activities in each producing region in exporting countries. In 
general, producers in a region tend to produce certain crops due mainly to their experience in 
production practices of those crops in the short term, even though producing the crops is not 
economically optimal. To incorporate this characteristic, each producing region is allowed to 
produce a minimum amount of each crop. However, this constraint is relaxed for the optimal 
long-run solutions. Equation 5 represents the demand constraints in exporting and importing 
countries. This equation indicates that the sum of the quantities of the crops shipped from 
domestic producing region i to consuming region j and those shipped from import ports to the 
consuming regions should be greater than or equal to domestic demand for the crops in the 
consuming regions. The next two equations 6 and 7 represent handling capacity at export ports 
and the Panama Canal, respectively. The last two constraints (equations 8 and 9) are inventory 
clearing constraints at ports in exporting and importing countries. Ports in exporting and 
importing countries are not allowed to carry inventories and are considered to be transhipment 
points in exporting or importing crops. Excess supply of a crop is calculated by subtracting 
domestic consumption from production, under an assumption that carry-over stocks remain 
constant over time. 
 
  In this model PCci, TAi, Yci, MAci, t, Dcj, PCAp, and PCC are exogenous and other 
variables are endogenous. This implies that the model optimizes the values of all the endogenous 
variables under given values of exogenous variables.               
 
The Base and Alternative Scenarios 
 
  The Base scenario is based on the supply and demand conditions for the crops in 2005. 
For the optimal solution of the Base scenario, the model is calibrated with supply and demand 
data for the exporting and importing countries in 2005. The minimum land used for each crop is 
assumed to be at least 90% of the actual land planted in 2005. Thus, the Base scenario serves as a 
benchmark for the study. The Base-60 scenario lowers the minimum land used for each crop to 
60% of current levels. This scenario provides the model with the opportunity to determine the 
least cost production, distribution, and consumption patterns by allowing producing regions to 
shift historical cropping patterns to the most efficient crop productions. Scenario 1 is based on 
the estimated values of exogenous variables in the countries for 2020. For this scenario, 
consumption of the crops in the model are estimated for 2020. Furthermore, it is assumed that the 
yields of the crops increase by 5% above 2005 levels. Scenario 2 is the same as Scenario 1, 
except that the yields of the crops increase by 10% above 2005 levels. Scenarios 3 and 4 are the 
same as Scenario 1, except that the yields of the crops increased by 15% and 20% above 2005 
levels, respectively. These scenarios were developed because the rate and adaption of new 
technology is unknown. It is assumed in the scenarios that the minimum land used for each crop 
is 60% of the actual land used for the crop in 2005. 
   
11 Data for the Exogenous Variables 
 
  Data used for this model include production costs and yields of the crops in each 
producing region, estimated demand for the crops in consuming regions, inland transportation 
costs for shipment of the crops, ocean shipping costs, the maximum arable land in producing 
regions, and the minimum amount of crops produced in producing regions. Some data are 
estimated and others are obtained from various sources. 
 
Production costs and yields: 
 
  Because of availability of data, delineation of producing regions is consistent with the 
boundaries of corresponding provinces in China. As a result, each producing region is too large 
to have the same production characteristics within the region. Heterogeneous production 
characteristics within a producing region are resolved by introducing a linear production cost 
function with area harvested as follows: 
 
10      PC a a A ic ci =+ 01   
 
where PCic is the average production cost for crop c in producing region i  
     Aic is the area used to produce crop c in producing region i  
It is assumed that a1 > 0, indicating that average production cost for crop c increases as more 
land is used for the production of crop c.   
 
  To calculate the values of a0 and a1, the maximum and minimum production costs 
associated with the area for crop c (PC
max for A2 and PC
min for A1 ) are collected for each 
producing region. The values of a0 and a1 are 
 
11     aP C P C A A 12 1 =− − () ( )
max min   
12     aP C a A 01 1 =−
min   
 
  Maximum and minimum production costs of crops for all producing regions in China are 
obtained from the Hanan University of Technology. Actual yields of the crops in each province 
are obtained from the same source.  
 
Production costs of the crops in other countries are obtained from Global Insight. The 
yield data for crops in other countries came from USDA/FAS and USDA/NASS.    
 
Demand for Crops and Projection for 2020: 
  
Demand for Crops in China:  
 
Since this study is focused on the Chinese agricultural sector, special attention is given to 
the estimation of consumption of each crop in each province for 2020. The estimation is based 
on the following two steps: (1) estimate the average per capita consumption of each crop in 
China on the basis of a linear demand specification and (2) the estimated per capita consumption 
of each crop is multiplied by the projected population in each province to estimate total 




12  Demand equations of the crops in a double log functional form is specified as follows: 
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where Dit  is per capita consumption of crop i in time t,  
  Pjt is price of crop j in time t,  
  Yt is per capital disposable income in time t,  
  αi is the intercept term of the demand equation  
  βij is own price elasticity (i=j) or cross price elasticity (i≠j), and  
  γi is income elasticity for crop i. 
 
  The data for 1981 to 2005 are obtained from International Monetary Fund website. Other 
data (Dit and Pjt) are obtained from USDA PS&D and China Statistical Yearbook. The model is 
estimated using the seemingly unrelated regression estimation (SURE) under the assumption that 
E(еit,еjt)≠0. Estimated income and price elasticities for the demand for corn, soybeans, wheat, 
and rice in China are shown in Table 2. Both income and price elasticities are inelastic, but price 
elasticities are more inelastic than income elasticities. Income elasticities are higher for corn and 
soybeans than wheat and rice. Income elasticities for rice is the lowest. These elasticities indicate 
that Chinese people tend to consume more corn, soybeans, wheat and rice as income increases. 
 
Table 2.  Estimated Income and Price Elasticities for China 
  Income elasticity  Price elasticity 
Wheat 0.266  0.121 
Rice 0.082  0.079 
Corn 0.396  0.109 
       Soybeans  0.422          0.067 
 
  The estimated income elasticities are used to forecast demand for the crops in 2020. For 
the forecast, the per capita disposable income is obtained from Global Insight.  
 
Demand for Crops in Other Countries and Regions:  
 
The estimated demand equations for the crops are used to forecast consumption of the 
crops in each country. Income forecasts by Global Insight are used to forecast consumption. 
Consumption functions are estimated for the crops in the 16 countries and 48 multi-country 
regions. In traditional estimation a double log functional form would be used because of the 
nonlinear relationship between income and consumption. However, that method assumes that the 
income elasticity remains constant over time. With a forecast period of 10-15 years, per capita 
income increases substantially, especially in developing countries. With the increasing per 
capital incomes, income elasticities should fall as income increases. The income elasticities for 
the 60 countries/regions are estimated for the four crops. There is an inverse relationship 
between income elasticity and per capita income, indicating that income elasticity is lower for 
countries with high per capita income than those with low per capita income. Following a study 
 
13 by Wilson (2007), an equation was estimated to determine the income elasticities as per capita 
income increases as follows:  
 
14     eaa Y c =+ 01
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where  ec is income elasticity for crop c 
     Y is per capita income 
 
   It is assumed the a1 < 0. These estimated elasticities are used to estimate the 
consumption response to changes in per capita income. Estimated domestic consumption for 
wheat, corn, soybeans, and rice, based on estimated population and income levels, for 2020 are 
shown in Appendix Table 2. 
 
Maximum Arable Land and Minimum Production of Each Crop: 
 
  Harvested area was obtained for the four crops in 74 countries/regions; 29 in North 
America, and 31 in China. The regions are specified as a function of a trend, which represents 
gradual changes in arable land for each crop in the individual countries. Changes in arable land 
may be due to changes in economic conditions and availability of water for agricultural 
production. Harvested area is specified as:  
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where  i = 1 to 74, c = 1 to 4,  
            Pc  = average price of crop c 
            TR  = a variable representing a linear trend.  
 
  This study assumes that Chinese producers have full information about the prices and 
their expectations about prices are rational and are assumed to be realized. In other words, all the 
prices determining supply are current prices rather than lagged prices. The reasons behind this 
are: a) procurement prices are used as a proxy variable for China’s domestic producer prices and; 
b) the procurement prices and farm input prices are in fact set by the Chinese government and 
are often announced in advance (before sowing and planting).     
 
  Minimum production of each crop is set at 90% of current levels for the base model 
under an assumption that producers tend to produce familiar crops based on farming practice, 
soil types, and available technology. Other models relax this constraint to 60% of the current 
levels by allowing producers, over time, to adjust their production practices to changing price 
levels and technology. Appendix Table 3 shows the harvested area in each region/country by 





  In-land shipments are shipping crops from the major producing regions to major 
consumption regions and to export ports in exporting countries, and from import ports to 
consuming regions in importing countries. Transportation modes used for shipments of crops 
from producing regions to domestic consuming regions are rail and truck, while those from  
 
 
14 producing regions to ports are rail and barge, depending upon shipping distance and volume. 
Barge is used for shipments from eastern and western Corn Belts and the Northern Plains to ports 
in the United States. The barge rates, rail, and truck costs in the United States are obtained from 
Transportation and Marketing Programs, Agricultural Marketing Service, USDA. Shipping rates 
from Chinese producing regions to consuming regions were obtained from Henan University of 
Technology. Ocean shipping costs were derived by Richardson Associates for each movement 
using typical vessels sizes and characteristics serving those markets. For future years, ship sizes 




  The results are divided into two sections. The first section reports the production of 
wheat, corn, soybeans, and rice for the major producing countries/regions under the base and 





  Chinese corn production was 130 million metric tons in 2005 under the Base scenario and 
increased to 169 million metric tons in 2020 under Scenario 1 (Table 3). The Base-60 scenario 
restricts a minimum harvested area to 60% of actual area for each crop compared to a minimum 
harvested area of 90% for the Base scenario. A comparison of these two scenarios indicates the 
competitiveness of corn production in each production region over other regions and crops. 
Chinese corn production would increase by 1.1% if all production was optimized on the basis of 
production and marketing costs under the Base-60 scenario. If a producing region increases 
production of corn under the Base-60 scenario, compared to the Base scenario, the region is 
competitive in producing corn. These regions are Guizhou, Hebei, Heilongjiang, Hubei, and 
Jilin. As corn yields increase, these regions increase corn production substantially. When yields 
are allowed to increase 5% under Scenario 1, China’s corn production increases 30.2% in 2020, 
compared to corn production in the Base scenario. Most of the increase is due to higher yields as 
well as an increase in arable land for corn. The largest percentage of growth is in Hebei, 
followed by Yunnan and Henan. Corn production is expected to increase in almost every 
province in China. Under Scenario 2, Chinese corn production increases 34.9% during the same 
time period. Scenarios 3 and 4 provide corn production increases of 40.7% and 45.7%, 
respectively. 
 
  Soybean production in China is 16.5 million metric tons in the Base scenario and 15.8 
million tons in the Base-60 scenario, indicating that China has a competitive disadvantage over 
other countries/regions in the production of soybeans. There are no increases in soybean 
production in any producing region under the Base-60 scenario, compared to the Base scenario. 
Soybean production is expected to increase by 7.4% under Scenario 1, compared to the Base 
scenario (Table 4). However, several provinces, including Hebei and Yunnan, will increase 
production by almost 50%, indicating that these regions become competitive as soybean yields 
increase. The largest producing provinces, such as Heilongjiang and Shandong, will increase 
production 12% and 19%, respectively. China is expected to increase soybean production by 




15    The total quantity of wheat produced in China is 94.5 million metric tons in the Base 
scenario and 94.4 million metric tons under the Base-60 scenario. Some provinces, including 
Shandong and Xingjiang, increase wheat production in the Base-60 scenario, while other 
provinces decrease wheat production in the Base-60 scenario, compared to the Base scenario. 
Wheat production is estimated to be 110.3 million metric tons in 2020 under Scenario 1 (Table 
5). Henan, the largest wheat producing province, is expected to increase wheat production by 
17.3%, followed by Shandong by 18.6%, under Scenario 1, compared to the Base scenario. 
Wheat production would remain the same under Scenarios 2-4. Most of the increases in wheat 
production are due to yield increases.  
 
Table 3. Chinese Corn Production Under Base and Alternative Scenarios   
     Base     Base-60  Scenario 1  Scenario 2  Scenario 3   Scenario 4
             ---------------------------1,000 metric tons------------------------------------
  Anhui  4,178 4,178 4,701 4,929 5,153 5,372
  Beijing  614 703 764 801 837 873
  Chongqin  1,642 1,095 2,226 2,331 2,437 2,547
  Fujian  93 62 66 70 73 76
  Gansu  1,964 1,309 2,592 2,717 2,840 2,966
  Guangdong  628 418 737 770 807 471
  Guangxi  1,505 1,003 1,147 1,201 1,256 1,311
  Guizhou  2,864 3,277 3,796 3,979 4,159 4,342
  Hainan  42 28 29 31 32 34
  Hebei  8,788 10,055 17,913 18,737 19,619 20,446
  Henan  9,422 10,780 12,628 13,236 13,837 14,447
  Heilongjiang  17,063 19,523 21,848 22,850 23,918 24,964
  Hubei  1,776 2,032 2,250 2,353 2,463 2,571
  Hunan  1,063 1,217 1,339 1,402 1,469 1,532
  Jiangsu  4,848 4,848 4,382 4,592 4,801 5,012
  Jiangxi  68 45 48 50 52 54
  Jilin  11,335 12,969 15,637 16,394 17,139 17,868
  Liaoning  6,476 4,317 7,938 8,299 8,687 9,067
  Neimong  5,915 6,768 7,697 8,057 8,440 8,801
  Ningxia  1,599 1,829 2,010 2,105 2,202 2,296
  Qinghai  33 33 36 38 39 41
  Shaanxi  3,605 2,403 2,321 2,431 2,542 2,653
  Shandong  29,053 29,160 34,592 36,218 37,882 39,512
  Shanghai  83 83 90 94 98 103
  Shanxi  3,086 3,531 3,417 3,577 3,741 3,902
  Sichuan  5,012 3,341 6,971 7,301 7,639 7,957
  Tianjin  410 470 506 530 555 578
  Xingjiang  2,925 3,347 4,535 4,752 4,969 5,186
  Xizhang  27 27 30 31 33 34
  Yunnan  3,937 2,625 7,062 7,387 7,159 6,482
  Zhejiang  157 105 186 194 204 212
China  130,210 131,580 169,491 177,457 185,083 191,710
    
 
 
16  Table 4. Chinese Soybean Production Under Base and Alternative Scenarios 
                Base     Base-60  Scenario 1  Scenario 2  Scenario 3   Scenario 4
 --------------------------------1,000 metric tons---------------------------------- 
  Anhui  701 701 789 826 863 900
  Beijing  25 25 27 28 29 31
  Chongqin  50 33 38 40 42 44
  Fujian  366 366 407 428 447 465
  Gansu  227 227 261 274 286 299
  Guangdong  322 322 330 346 362 377
  Guangxi  228 152 174 325 341 354
  Guizhou  116 77 86 90 94 98
  Hainan  26 26 29 30 31 33
  Hebei  439 439 781 819 857 894
  Henan  847 847 994 1,041 1,089 1,137
  Heilongjiang  3,292 3,292 3,674 3,862 4,032 4,199
  Hubei  329 329 364 381 399 415
  Hunan  310 310 342 358 374 390
  Jiangsu  1,091 1,091 986 1,034 1,081 1,127
  Jiangxi  435 435 477 499 522 545
  Jilin  1,617 1,617 1,952 2,045 2,140 2,226
  Liaoning  320 320 341 358 374 391
  Neimong  618 618 704 739 768 803
  Ningxia  23 15 16 17 18 18
  Shaanxi  1,658 1,105 833 874 907 949
  Shandong  1,769 1,769 2,098 2,196 2,297 2,395
  Shanghai  13 13 14 15 16 16
  Shanxi  230 230 223 233 244 255
  Sichuan  585 585 712 744 779 813
  Tianjin  21 14 15 15 16 17
  Xingjiang  252 252 342 358 374 390
  Xizhang  3 3 4 4 4 4
  Yunnan  190 190 297 312 326 339
  Zhejiang  456 456 472 493 516 539


















17  Table 5. Chinese Wheat Production Under Base and Alternative Scenarios  
           Base     Base-60  Scenario 1  Scenario 2  Scenario 3   Scenario 4
     -------------------------------1,000 metric tons------------------------------ 
  Anhui  4,130 4,130 4,647 4,865 5,087 5,317
  Beijing  1,120 1,120 1,218 1,276 1,335 1,393
  Chongqin  479 319 364 382 400 416
  Fujian  59 39 42 44 46 48
  Gansu  1,354 902 1,002 1,049 1,096 1,147
  Guangdong  19 13 13 13 14 14
  Guangxi  12 8 9 10 10 11
  Guizhou  486 324 362 379 396 414
  Hebei  10,222 11,696 19,782 15,513 12,786 13,328
  Henan  27,692 27,692 32,475 34,020 35,540 37,089
  Heilongjiang  879 586 631 661 692 719
  Hubei  1,247 831 885 927 969 1,010
  Hunan  105 70 74 78 81 85
  Jiangsu  8,945 8,945 8,085 8,463 8,867 9,246
  Jiangxi  41 27 29 30 31 33
  Jilin  75 50 58 61 64 66
  Liaoning  7,048 7,048 7,555 7,899 8,272 8,561
  Neimong  1,054 703 769 805 842 878
  Ningxia  353 236 249 261 273 285
  Qinghai  239 159 168 176 184 192
  Shaanxi  1,906 1,270 1,360 1,425 1,490 1,551
  Shandong  12,684 14,512 17,217 18,027 17,944 16,737
  Shanghai  957 957 1,039 1,086 1,137 1,185
  Shanxi  1,115 743 692 724 757 792
  Sichuan  2,489 1,659 1,940 2,032 2,124 2,215
  Tianjin  1,619 1,619 1,745 1,825 1,911 1,994
  Xingjiang  5,020 5,744 4,365 4,574 4,782 4,990
  Xizhang  2,232 2,232 2,479 2,598 2,717 2,833
  Yunnan  717 478 721 756 791 823
  Zhejiang  294 337 348 364 214 223


















18  Table 6. Chinese Rice Production Under Base and Alternative Scenarios   
     Base     Base-60  Scenario 1  Scenario 2   Scenario 3  Scenario 4
 ----------------------------------1,000 metric tons----------------------------------
  Anhui  6,136 6,136 6,902 7,241 7,570 7,892
  Beijing  48 32 59 62 36 38
  Chongqin  2,593 2,593 3,074 3,219 3,368 3,513
  Fujian  2,860 3,272 93,646 3,825 3,499 2,337
  Gansu  28 28 33 34 36 37
  Guangdong  6,633 7,402 7,581 7,951 8,312 4,859
  Guangxi  6,123 6,123 7,277 7,622 7,976 7,651
  Guizhou  1,987 1,922 2,635 2,763 1,620 1,689
  Hainan  681 454 842 880 517 539
  Hebei  338 226 688 647 423 441
  Henan  1,587 1,587 1,859 1,946 2,039 2,126
  Heilongjiang  10,919 10,919 12,220 12,776 13,374 13,959
  Hubei  29,407 29,407 32,542 34,069 35,634 37,165
  Hunan  11,579 11,579 12,765 13,350 13,978 14,565
  Jiangsu  15,863 15,863 14,336 15,028 15,712 16,381
  Jiangxi  7,588 7,588 8,315 8,692 9,100 9,501
  Jilin  1,902 1,902 2,292 2,403 2,512 2,623
  Liaoning  1,927 1,927 2,065 2,163 2,260 853
  Neimong  343 343 390 409 428 250
  Ningxia  312 312 342 358 375 391
  Shaanxi  440 440 326 341 357 372
  Shandong  514 589 698 731 765 448
  Shanghai  709 709 770 806 843 879
  Shanxi  16 16 16 17 17 18
  Sichuan  9,313 9,313 11,325 11,863 12,394 12,934
  Tianjin  116 78 118 84 88 92
  Xingjiang  623 623 845 885 926 815
  Xizhang  3 2 3 3 2 2
  Yunnan  2,383 1,589 4,274 4,467 2,621 2,737
  Zhejiang  5,175 5,175 5,354 5,609 5,858 6,114
China   128,147  128,147  143,589  150,246  151,221  151,221
 
  Chinese rice production is 128 million metric tons under both the Base and Base-60 
scenarios. China’s rice production is 143.6 million metric tons under Scenario 1 (Table 6). Most 
of the increase is due to yield increase. Under Scenario 2, rice production is expected to increase 
slightly as yields are allowed to increase 10% above the 2005 level. Hubei, the largest rice 
producing province, is expected to increase rice production about 11% in 2020 compared to the 
Base scenario, under Scenario 1, 15.8% under Scenario 2 and 21.2% under Scenario 3. Chinese 
rice production remains the same under Scenario 3 and 4, indicating that harvested area for rice 






19  U.S. Production: 
 
  United States corn production is 259.0 million metric tons under the Base scenario and 
273 million metric tons under the Base-60 scenario. A substantial increase in corn production 
under the Base-60 scenario, compared to the Base scenario, clearly indicates that the United 
States has a competitive advantage over other crops and other countries in corn production. Corn 
production is estimated to be 307.3 million metric tons in 2020 under Scenario 1 (Table 7). The 
largest corn producing regions in the United States are Iowa West and Illinois North with 
production increases of 22.4% and 24.0%, respectively. Total harvested area for corn in the 
United States is expected to increase 3.6% over the time period. Much of the increased corn 
production in the United States could be absorbed by the growing ethanol industry. If ethanol 
production increases from 4 billion gallons in 2005 to 15 billion gallons in 2020, an additional 
100 million metric tons of corn will be consumed by the ethanol industry.   
 
Table 7. United States Corn  Production Under Base and Alternative Scenarios
     Base     Base-60   Scenario 1   Scenario 2  Scenario 3 Scenario 4
 -----------------------------1,000 metric tons-------------------------------
  Central Plains  24,785 1 24,781 25,951 27,149 28,323
  Central Plains River  17,654 20,199 18,134 18,986 19,858 20,732
  Delta  3,847 3,847 4,763 4,988 5,218 5,443
  Illinois North  30,295 30,295 37,575 39,347 41,162 42,939
  Illinois South  16,628 16,628 20,284 21,237 22,214 23,170
  Indiana North  17,043 17,043 21,490 22,490 23,535 24,537
  Indiana South  3,643 4,168 4,958 5,188 5,429 5,665
  Iowa River  14,351 14,351 17,589 18,420 19,270 20,103
  Iowa West  35,578 35,578 43,545 45,621 47,704 49,786
  Michigan  5,401 6,179 7,945 8,313 8,700 9,070
  Minnesota  9,781 11,191 8,970 9,391 9,823 10,255
  Minnesota River  13,836 15,831 12,726 13,334 13,944 14,541
  Missouri River  2,043 2,337 2,892 3,029 3,169 3,306
  Missouri West  6,760 7,735 9,614 10,061 10,529 10,977
  North East  6,373 6,373 7,575 7,938 8,299 8,664
  Northern Plains  13,305 15,224 18,353 19,232 20,107 20,989
  Ohio  9,757 11,163 13,988 14,647 15,321 15,981
  Pacific Northwest  1,016 1,016 1,057 1,106 1,157 1,207
  South East  11,389 11,389 13,738 14,397 15,054 15,697
  Southern Plains  6,504 6,504 8,292 8,691 9,088 9,478
  West  880 880 978 1,024 1,071 1,117
  Wisconsin South  5,584 6,389 5,636 5,906 6,175 6,445
  Wisconsin West  2,326 2,662 2,207 2,310 2,416 2,523
  Northern Plains West  193 221 279 292 306 319
United States   258,972  273,382  307,370  319,555  330,079 344,506
 
  The United States is one of the largest soybean producing countries in the world with 
production of 109.7 million metric tons under the Base scenario (Table 8). However, about half 
of the producing regions reduce their soybean production under the Base-60 Scenario, compared  
 
20  to the Base scenario, indicating that the United States is marginally competitive over other crops 
and countries in producing soybeans. Under Scenarios 1 through 4, soybeans production 
decreases compared to those under the Base and Base-60 scenarios.  The largest soybean 
producing regions in the United States are Iowa West and Illinois North. Iowa West is expected 
to increase production by 14.9%, while Illinois North is expected to decrease production by 
7.3%. Total harvested area for soybeans in the United States is expected to increase 7.1% over 
the time period under Scenario 1. As soybean yields increase under Scenarios 2, 3, and 4, U.S. 
soybean production increases compared to Scenario 1, indicating that the United States will 
remain competitive in the production of soybeans with increased yields.  
 
Table 8. United States Soybean Production Under Base and Alternative Scenarios
     Base       Base-60    Scenario 1 Scenario 2 Scenario 3 Scenario 4
   -------------------------------1,000 metric tons---------------------------
  Central Plains  2,510 2,510 3,144 3,294 3,447 3,587
  Central Plains River  11,552 10,776 7,324 7,676 8,009 8,361
  Delta  5,374 5,374 6,583 6,889 7,202 7,537
  Illinois North  7,151 7,151 8,814 9,233 9,662 10,056
  Illinois South  10,555 10,278 6,526 6,831 7,144 7,450
  Indiana North  5,715 5,715 7,140 7,464 7,818 8,143
  Indiana South  1,321 1,321 1,635 1,716 1,794 1,870
  Iowa River  3,353 3,353 4,235 4,428 4,638 4,830
  Iowa West  9,492 9,492 11,911 12,470 13,043 13,604
  Michigan  2,039 2,039 2,578 2,706 2,827 2,946
  Minnesota  6,177 5,924 2,477 2,593 2,712 2,829
  Minnesota River  4,650 3,684 2,326 2,435 2,547 2,657
  Missouri River  2,544 2,272 1,604 1,683 1,759 1,832
  Missouri West  7,798 6,899 4,920 5,166 5,399 5,627
  North East  2,127 1,469 1,818 1,908 1,993 2,083
  Northern Plains  13,106 13,021 8,327 8,721 9,124 9,519
  Ohio  5,086 5,086 6,471 6,780 7,075 7,385
  South East  5,152 5,152 6,236 6,525 6,848 7,137
  Southern Plains  443 416 513 538 563 587
  Wisconsin South  2,644 2,322 835 874 914 954
  Wisconsin West  867 433 0 287 299 313
United States   109,657  109,619  95,417  99,132  103,429  105,875
 
  Wheat production under the Base and Base-60 scenarios are the same, indicating that 
wheat production in general is optimal to meet domestic and foreign demand (Table 9). The 
largest wheat producing regions in the United States are Central Plains and Northern Plains with 
production increasing by 19.0% and 12.6%, respectively, under Scenario 1, compared to the 
Base scenario. Total harvested areas for wheat, under the scenarios, are expected to decrease by 








21  Table 9. United States Wheat Production Under Base and Alternative Scenarios 
   Base  2005-Base Scenario 1 Scenario 2 Scenario 3 Scenario 4
 -----------------------------1,000 metric tons---------------------------- 
  Central Plains  11,292 11,292 13,442 14,087 14,698 15,345
  Central Plains River  1,429 1,429 1,361 1,426 1,487 1,553
  Delta  1,289 1,289 1,022 1,071 1,118 1,167
  Illinois North  375 375 317 332 347 362
  Illinois South  1,036 1,036 949 994 1,040 1,084
  Indiana North  478 478 481 504 527 550
  Indiana South  285 285 257 269 282 294
  Iowa River  17 17 15 16 17 17
  Iowa West  13 13 11 12 12 13
  Michigan  1,134 1,134 1,174 1,231 1,287 1,342
  Minnesota  1,843 1,843 2,065 2,161 2,260 2,357
  Minnesota River  70 70 73 77 80 84
  Missouri River  241 241 208 218 228 238
  Missouri West  1,066 1,066 946 991 1,037 1,079
  North East  743 743 815 853 893 930
  Northern Plains  10,226 10,226 11,516 12,030 12,603 13,118
  Ohio  1,644 1,644 1,761 1,844 1,928 2,014
  Pacific Northwest  7,038 7,699 5,459 5,054 5,220 5,438
  South East  2,524 2,524 2,453 2,573 2,689 2,803
  Southern Plains  7,406 7,406 7,306 7,669 8,008 8,372
  West  1,373 1,373 1,493 1,564 1,634 1,705
  Wisconsin South  367 367 327 342 358 373
  Wisconsin West  15 15 15 16 17 17
  Northern Plains West  4,329 4,329 4,672 4,859 5,116 5,336
United States   56,234  56,895  58,139  59,582  62,428  65,316
 
  Rice production under the Base and Base-60 scenarios is 8.6 million metric tons (Table 
10). The largest rice producing regions in the United States are the Delta and the West. Rice 
production in the Delta under Scenario 1 is 20.7% less than that under the Base scenario, while 
rice production in the West increases 8.6%. Total harvested area for rice in the United States is 
expected to decrease by 20.8%, between the Base and Scenario 1. 
 
Table 10. United States Rice Production Under Base and Alternative Scenarios   
   Base  Base-60  Scenario 1  Scenario 2  Scenario 3 Scenario 4
 
   -------------------------------1,000 metric tons------------------------------
  Delta  5,631 5,631 4,462 4,677 4,891 5,100
  Missouri River  283 283 244 256 268 279
  Missouri West  138 138 122 128 134 140
  Southern Plains  531 531 525 550 575 600
  West  2,058 2,058 2,235 2,343 2,450 2,555
United States   8,641  8,641  7,588  7,955  8,318  8,674
 
 
22  Production in Rest of World: 
 
  There are significant changes in corn production in Argentina, Brazil, Europe, Latin 
America, Mexico, and the United States between the Base and Base-60 scenarios. Corn 
production in Argentina, Brazil, and the United States increases, indicating that these countries 
may be competitive over other crops and countries in producing corn. Under Scenarios 1-4, the 
United States continues to increase its corn production with increased yields, while Brazil 
decreases its corn production and Argentina increases its corn production marginally. This 
clearly indicates that the United States is more competitive than Brazil or Argentina in producing 
corn. Corn production in Europe, Latin America, and Mexico in the Base-60 scenario is smaller 
than those in the Base scenario, indicating that these countries are not competitive in producing 
corn. Europe decreases corn production from 70.6 million metric tons under the Base scenario to 
51.1 million metric tons under the Base-60 scenario; but increases corn production in 2020 under 
Scenario 1, due mainly to increased corn production in Eastern Europe. Under Scenario 2-4, corn 
production decreases in Europe. Since demand for corn in 2020 is much larger than in 2005, all 
countries maximize their corn production to meet the demand. However, supply of corn is 
sufficient to meet the demand in 2020 with increases in yield by 10%, 15%, and 20%. Since 
Europe is not competitive in producing corn, it reduces corn production as corn yields increase 
under Scenarios 2-4. Other large corn producing regions are also expected to change corn 
production by 2020. As corn yields increase, Latin America, Mexico, China, and the United 
States increase corn production, indicating that they are more competitive than other countries in 
the world. Under Scenario 2 and 3, Argentine corn production in 2020 will remain the same. 
Under Scenario 3, Canada, North Africa, and the FSU-ME will all decrease corn production. 
These reductions indicate that these countries are high cost producers of corn compared to other 
countries of the world.   
 
  Soybean production in Argentina and Brazil under the Base-60 scenario is smaller than 
those under the Base scenario, while the United States maintains at the same level of soybean 
production under both scenarios (Table 11). However, soybean production in Argentina and 
Brazil under Scenario 1 are substantially larger than the Base scenario, while the U.S. production 
is smaller. Under this scenario, increased demand for soybeans is met by increased production in 
the major exporting countries. But with increased yields under Scenarios 2-4, the increased 
demand is met on the basis of competitiveness in producing soybeans in the exporting countries. 
Under Scenarios 2-4, Argentina and Brazil reduces their soybean production mainly because 
they allocate more land for wheat production rather than soybean production to minimize their 
production and marketing costs. 
 
  Other Latin American countries are expected to increase soybean production by 91.2%, 
from 6.4 million metric tons in the Base scenario to 12.3 million metric tons in 2020 under 
Scenario 1. Soybean acres are also expected to increase in Canada. Under Scenarios 2-4, Canada 









23  Table 11. World Corn and Soybean Production Under Base and Alternative Scenarios 
  Base  Base-60    Scenario 1   Scenario 2  Scenario 3  Scenario 4
Corn          ------------------------------------1,000 metric tons-----------------------------
  Argentina  5,167 9,973 10,361 10,852 11,344 11,849
  Australia  357 350 482 482 482 482
  Brazil  41,802 49,917 75,721 65,915 62,133 60,846
  Canada  10,601 11,995 18,253 15,909 14,278 14,495
  Europe  70,585 51,108 116,556 113,538 101,765 86,136
  FSU-ME  22,633 22,633 34,677 30,320 28,556 28,260
  Japan  1 1 1 1 1 1
  Korea  95 95 165 143 135 134
  Latin America  8,821 5,881 6,673 6,999 7,292 7,617
  Mexico  19,429 13,154 14,433 15,155 15,828 16,502
  North Africa  9,004 9,004 12,172 10,588 9,988 9,887
  South Africa  17,082 17,082 23,085 23,085 23,085 55,831
  South Asia  39,502 39,502 55,831 55,831 55,831 23,085
  South East Asia  23,650 23,650 32,562 29,746 28,064 27,820
  China  130,210 131,580 169,491 177,457 185,083 191,710
  United States  258,972 273,382 307,370 319,555 330,079 344,506
Soybeans 
  Argentina  33,747 40,163 66,049 60,767 58,703 57,060
  Australia  78 78 101 101 101 101
  Brazil  49,286 42,509 58,526 56,940 57,030 56,536
  Canada  3,872 3,872 6,150 5,337 5,035 4,990
  Europe  2,156 2,156 3,278 2,859 2,690 2,661
  FSU  1,601 1,601 2,351 2,043 1,924 1,916
  Japan  192 128 129 135 141 147
  Korea  175 175 254 221 207 206
  Latin America  6,445 7,607 12,320 10,715 10,091 10,022
  Mexico  111 111 115 121 126 132
  North Africa  40 40 83 72 68 67
  South Africa  925 925 1,105 1,105 1,105 1,105
  South Asia  6,358 6,358 8,953 8,953 8,953 8,953
  South East Asia  2,820 2,820 4,732 4,136 3,886 3,863
  China  16,558 15,859 17,782 18,785 19,629 20,461
  United States  109,657 109,619 95,417 99,132 103,429 105,875
 
  There are no significant changes in wheat production between the Base and Base-60 
scenarios except Canada and Europe. Europe increases wheat production by 14%, from 119.7 
million metric tons in 2005 under the Base scenario, to 136.7 million metric tons under the Base-
60 scenario, while Canada and Mexico decreases wheat production (Table 12). The FSU-ME is 
expected to increase wheat production by 31.9% from 119.9 million metric tons in 2005 under 
the Base scenario to 158.2 million tons in 2020 under Scenario 1. Argentina is expected to 
decrease wheat production by 29.1% from 12.8 million metric tons in 2005 under the Base 
scenario to 9.1 million metric tons in 2020 under Scenario 1. Wheat acres are also expected to 
decrease in Argentina, as more corn and soybeans are produced. Most other wheat producing 
regions are expected to increase production by 2020. As wheat yields are increased under  
 
24  Scenario 2-4, all countries, except Latin America, North and South Africa produce more or about 
the same amount of wheat under Scenario 1. Latin America, South Africa and North Africa will 
reduce their wheat production under Scenarios 2-4, compared to Scenario 1. U.S. wheat 
production in the same between the Base and Base-60 scenario, but increases significantly as 
wheat yields increase.     
 
Table 12. World Wheat and Rice Production Under Base and Alternative Scenarios
       Base        Base-60     Scenario 1    Scenario 2     Scenario 3   Scenario 4
Wheat         --------------------------------1,000 metric tons------------------------------ 
  Argentina  12,797 8,532 9,070 9,507 9,943 10,347
  Australia  21,905 17,295 22,120 22,116 22,113 21,582
  Brazil  4,904 3,269 3,629 3,797 6,514 6,552
  Canada  18,355 13,564 25,802 25,164 25,577 26,080
  Europe  119,745 136,728 153,179 153,179 153,179 153,179
  FSU-ME  119,921 119,921 158,164 158,164 158,164 158,164
  Japan  780 520 455 477 498 520
  Korea  14 14 24 21 20 20
  Latin America  3,319 3,319 4,695 4,077 3,849 3,804
  Mexico  2,595 1,730 1,701 1,780 1,862 1,941
  North Africa  21,457 21,457 33,915 29,523 27,829 27,565
  South Africa  4,279 4,279 8,240 7,164 6,746 6,709
  South Asia  100,067 100,067 118,441 118,441 118,441 118,441
  South East Asia  102 68 71 75 78 82
  China  94,590 94,449 110,323 110,323 110,850 113,596
  United States  58,000 57,618 58,139 59,582 62,428 65,316
Rice 
  Argentina  918 918 1,323 1,150 1,084 1,074
  Australia  428 428 646 562 530 525
  Brazil  11,412 11,412 17,148 16,928 15,072 14,312
  Europe  2,364 2,364 3,376 4,392 3,414 3,380
  FSU  2,975 2,975 4,154 3,613 3,403 3,368
  Japan  8,302 8,302 8,743 8,743 8,743 8,743
  Korea  4,776 4,776 5,059 5,059 5,059 5,059
  Latin America  6,038 6,038 8,513 8,513 7,096 7,009
  Mexico  750 750 876 950 950 950
  North Africa  3,528 3,528 4,757 4,757 4,757 4,757
  South Africa  10,270 10,270 19,812 17,252 16,267 16,117
  South Asia  119,452 119,452 150,187 150,187 150,187 150,187
  South East Asia  90,934 90,934 130,256 130,256 130,256 130,256
  China  128,147 128,147 143,589 150,246 151,221 151,221
  United States  8,641 8,641 7,588 7,955 8,318 8,674
  
  Rice production in the Base-60 scenario is the same as that in the Base scenario, 
indicating that the production configuration is optimal based on the current demand for rice and 
production and marketing costs. South Asia is predicted to increase rice production by 25.7%, 




25  2020 under Scenario 1 (Table 12). The increase in rice production in South Asia is due mainly to 
increases in demand of rice in 2020 as well as increases in rice yields. New genetically modified 
technology may become available and will increase yield growth above the historical trend line, 
thereby increasing production. Southeast Asia is expected to increase rice production by 43.3% 
from 90.9 million metric tons in 2005 under the Base scenario to 130.3 million tons in 2020 
under Scenario 1. Harvested area in Southeast Asia is also expected to increase throughout the 
forecast period. As yields are increased, Brazil and other Latin American countries will produce 
less rice since they have a comparative disadvantage in producing and exporting rice compared 
to other crops under the Scenarios 2-4. Under the Scenarios 1-4, China will increase rice 
production to meet the domestic demand. 
 
Table 13. Exports of Corn, Soybeans, Wheat and Rice Under Base and Alternative Scenarios
                                                Base         Base-60      Scenario 1  Scenario 2   Scenario 3 Scenario 4  
Corn  --------------------------------1,000 metric tons--------------------------------- 
  Argentina  9,400 4,806 5,151 6,642 7,134 6,639
  Australia  7 0 0 0 0 0
  Brazil  3,377 8,115 9,502 9,696 5,914 4,627
  Europe  1,477 0 5,518 7,500 6,727 5,098
  FSU-ME  0 0 88 0 0 0
  United States  53,085 56,495 53,644 55,830 66,354 68,781
Soybean 
  Argentina  7,018 10,434 18,013 17,841 16,777 15,114
  Brazil  25,143 22,366 19,110 18,524 17,614 16,120
  Latin America  3,030 5,692 9,639 8,034 7,410 7,341
  United States  24,640 24,604 28,165 31,880 36,177 38,623
Wheat 
  Argentina  9,683 3,418 2,988 3,425 3,861 4,265
  Australia  15,553 10,943 15,216 15,212 15,209 14,678
  Canada  14,858 12,067 13,025 12,388 12,802 13,304
  Europe  8,491 15,474 17,166 15,820 12,201 10,476
  United States  25,782 24,536 23,804 25,247 28,093 30,981
Rice 
  Argentina  633 633 997 824 758 748
  Australia  33 33 209 125 93 88
  Brazil  2,816 2,816 7,120 6,900 5,044 4,284
  China  1,036 1,036 0 0 1,417 1,505
  Europe  2,297 2,297 3,339 2,894 2,703 2,708
  Latin America  2,478 2,478 2,668 2,578 2,557 2,589






  U.S. exports of corn are expected to increase slightly from 53.1 million metric tons in 
2005 under the Base scenario to 53.6 million metric tons in 2020 under Scenario 1. Increases in 
consumption in the United States, due mainly to ethanol production, will limit the growth of 
exportable supplies. When the planting restraints are relaxed under the Base-60 scenario, corn 
 
26  exports increase 6.4% as wheat, soybeans, and rice areas are shifted into corn. As yields increase 
under Scenarios 2-4, the United States increases exports of corn as production increases. Europe 
is expected to increase exports of corn from 1.5 million metric tons in 2005 under the Base 
scenario to 5.5 million metric tons in 2020 under Scenario 1 (Table 13). When the planting 
restrictions are removed under the Base-60 scenario, Europe switches from corn to wheat 
production. This switch causes European corn exports to drop to zero, while wheat exports 
increase, indicating that Europe has a competitive advantage in producing wheat over corn based 
on demand conditions and production and marketing costs. However, corn yields increases under 
Scenarios 1-4, Europe becomes competitive for corn production.  
 
  Brazilian soybean exports are predicted to decrease by 23.9% from 25.1 million metric 
tons in 2005 under the Base scenario to 19.1 million metric tons in 2020 under Scenario 1. 
Brazilian soybean exports decrease by 11.0% in the Base-60 scenario, compared to the Base 
scenario, indicating that Brazilian soybean production is less competitive at the current 
production level based on its production cost and yields. Brazil’s transportation system in 
shipping soybeans from producing regions to exports ports in not efficient compared to that in 
the United States and Argentina. Argentine soybean exports are predicted to increase from 7.0 
million metric tons in 2005 under the Base scenario to 18.0 million metric tons in 2020 under 
Scenario 1. The main reason is that Argentina shifts from wheat production to soybeans. U.S. 
soybean exports are expected to increase by 14.3% from 24.6 million metric tons in 2005 under 
the Base scenario to 28.2 million metric tons in 2020 under Scenario 1, and also increase with 
higher soybean yields under Scenarios 2-4.  
 
  Wheat exports are expected to decrease for most exporting countries except for Europe. 
Wheat area in the United States will be shifted to soybeans. U.S. wheat exports will decrease 
from 25.8 million metric tons in 2005 under the Base scenario to 23.8 million metric tons in 
2020 under Scenario 1. Australia will decrease exports by 2% and Europe will double exports 
between the Base scenario and Scenario 1. Under Scenarios 2-4, the United States will increase 
wheat exports moderately.   
 
  The U.S. exports of rice decrease by 38.5% from 4.7 million metric tons in 2005 under 
the Base scenario to 2.9 million metric tons in 2020 under Scenario 1. China stops exporting rice 
under Scenario 1. Under Scenarios 2 and 3, Argentina, Australia, Brazil, Europe, and Latin 
America decrease exports relative to Scenario 1 as rice production increases in importing 




  China is expected to import 12.2 million metric tons of corn in 2020 under Scenario 1 
(Table 14). Under Scenarios 2-4, Chinese imports will decrease until Scenario 4 when China 
becomes self-sufficient in corn. The FSU-ME should decrease imports of corn from 5.5 million 
metric tons in 2005 to 3.9 million metric tons in 2020 under Scenario 1, however under 
Scenarios 2-4, the FSU-ME will increase corn imports. The main reason is under higher yields, 
the FSU-ME is less competitive when compared to other crops and the rest of the world. Latin 
America and Mexico will increase corn imports from 10.3 million metric tons and 6.7 million 
metric tons in 2005 under the Base scenario, to 18.6 million metric tons and 22.9 million metric 
tons in 2020 under Scenario 1, respectively. Both regions will import slightly less corn under 
Scenarios 2-4 due to increased domestic corn production. 
 
 
27  Table 14. Imports of Corn, Soybeans, Wheat, and Rice Under Base and Alternative Scenarios
  Base  Base-60  Scenario 1 Scenario 2 Scenario 3 Scenario 4
Corn          ----------------------------------1,000 metric tons------------------------------
  China  142 772 12,219 8,253 6,627 0
  FSU-ME  5,535 5,535 3,852 4,357 6,121 6,417
  Japan  16,799 16,799 17,832 17,832 17,832 17,832
  Korea  8,535 8,535 11,923 11,945 11,953 11,954
  Latin America  10,281 13,221 18,600 18,274 17,981 17,656
  Mexico  6,715 12,990 22,932 22,210 21,537 20,863
  North Africa  5,563 5,563 8,396 9,980 10,580 10,681
  South East Asia  4,453 5,582 4,861 4,816 4,498 4,142
Soybean 
  China  27,982 28,681 46,039 45,036 44,192 43,360
  Europe  13,625 13,625 14,081 14,499 14,668 14,697
  FSU-ME  2,799 2,799 2,811 3,119 3,238 3,246
  Japan  4,365 4,429 4,955 4,949 4,943 4,937
  Korea  1,236 1,236 1,410 1,443 1,457 1,458
  Mexico  3,662 3,435 2,267 2,261 2,256 2,250
  North Africa  1,255 1,855 1,871 1,582 1,386 1,187
  South East Asia  3,172 3,172 2,193 2,789 3,039 3,062
Wheat  
  Brazil  5,339 6,974 8,321 8,153 5,436 5,398
  China  0 673 6,560 6,560 6,033 3,287
  Europe  0 946 3,125 3,125 3,125 3,125
  Japan  5,226 5,486 5,834 5,812 5,791 5,769
  Korea  3,566 3,566 3,915 3,918 3,919 3,919
  Latin America  8,016 8,016 9,722 10,339 10,567 10,612
  North Africa  18,689 20,689 8,160 12,552 14,246 14,510
  South Africa  12,649 12,949 14,346 15,422 15,840 15,877
  South East Asia  11,903 12,538 15,216 15,212 15,209 15,205
Rice 
  China  0 0 7,632 975 0 0
  Europe  2,478 2,478 2,594 1,978 1,557 1,589
  FSU-ME  5,638 5,038 5,123 5,664 5,874 5,909
  Latin America  1,036 1,036 862 0 1,417 1,505
  Mexico  581 0 74 0 0 0
  South Africa  7,399 7,399 7,774 6,334 5,319 5,169
 
  China is expected to increase imports of soybeans from 28.0 million metric tons in 2005 
under the Base scenario to 46.0 million metric tons in 2020 under Scenario 1. Under Scenarios  
2-4, Chinese imports of soybeans will decrease slightly. North Africa and Korea will increase 
imports of soybeans because of higher incomes and dietary changes.  
 
  China will increase wheat imports from zero in 2005 under the Base scenario to 6.6 
million metric tons in 2020 under Scenario 1. Chinese wheat imports would remain constant 
under Scenarios 2 and 3; however, wheat imports would fall to 3.3 million metric tons under  
 
 
28  Scenario 4. Southeast Asia will increase imports from 11.9 million metric tons in 2005 to 15.2 
million metric tons in 2020 under Scenario 1.    
  
  China is expected to import 7.6 million metric tons of rice in 2020 under Scenario 1; 
however, under Scenarios 3 and 4, imports are expected to fall to zero. Latin America is 
expected to import less rice under Scenarios 1 and 2 than in 2005. The FSU-ME imports are 
relatively flat for the 2005-2020 period.  
 
Summary and Conclusions 
 
  Significant changes in the Chinese agricultural sector began in the late 1970s. Chinese 
agriculture moved from the communal system to a freer market system. As a result, agricultural 
production increased rapidly to meet the domestic demand. In the early 1990s, the Chinese 
industrial sector was developed focusing mainly on the export market. These two changes 
transformed China from a backward agricultural society into a growing industrial contender. 
These changes also brought about massive changes in population location and occupations. 
Large numbers of people were allowed to move to the industrial areas as jobs opened up in the 
manufacturing industry. Dietary patterns in China have also changed as individuals income 
increased. In the mid 1990s, China began importing soybeans to feed the growing livestock 
sector of agriculture. Today, China imports about 40% of the world soybean trade. China has 
remained relatively self-sufficient in most other commodities. 
 
  This study focuses on four commodities: corn, wheat, soybeans, and rice. Chinese 
production of corn has increased substantially during the past decade, while soybean production 
has remained flat. The production of wheat and rice has fallen since 2000. Production has 
followed the consumption patterns as the consumption of corn and soybeans increased due to 
changes in dietary patterns and wheat and rice consumption has fallen.  
 
  A spacial equilibrium model was developed, focusing on Chinese agriculture, to evaluate 
the spacial distribution of production and consumption of these four commodities and their 
impacts on world agriculture. China was divided into 31 provinces, along with 43 worldwide 
producing regions/countries and 29 consuming regions/countries.    
 
  Four scenarios were evaluated to estimate the sensitivity of the model to the various 
assumptions. The Base scenario represents the 2005 time frame, while the Base-60 scenario 
lowered the restriction on the minimum harvested area of each crop to 60% of the actual 
harvested area. This scenario evaluates the efficiency of crop production under which the current 
agricultural system operates and allows for switching of cropping practices by regions based on 
competitiveness. The Base and the Base-60 scenarios are constrained by actual demand for crops 
in the consuming regions in exporting and importing countries. Alternative scenarios replace the 
actual demand with estimated demand for crops in 2020 predicted under assumptions of 
technical progress in agricultural production; a 5% increase in crop yields under Scenario 1, a 
10% increase in crop yields under Scenario 2, a 15% increase in crop yields under Scenario 3, 




29    Although Chinese commodity production is expected to increase substantially with the 
assumed increases in crop yields by 2020, their import demand for those commodities will 
increase. Domestic consumption is expected to increase faster than production. Chinese corn, 
wheat, and soybean imports are expected to increase for the 2005-2020 period under the 
assumption of a 5% increase in crop yields. China is expected to import 22.2 million metric tons 
of corn, 46.0 million metric ton of soybeans, 7.6 million metric tons of rice, and 8.3 million 
metric tons of wheat by 2020. 
 
  Under Scenarios 2-4 Chinese import demand would decrease. Corn imports would 
decrease by 32.5% relative to Scenario 1 with a 10% increase in yields while soybean imports 
would decrease by 2% with the higher yields. Chinese wheat imports would remain level under 
Scenario 2. China becomes almost self-sufficient for rice under Scenario 2. With a 15% increase 
in yields under Scenario 3, China’s corn imports return to the current level of 6.6 million metric 
tons. Soybean imports decrease 2% and wheat imports fall by 33%. A 20% increase in yields 
under Scenario 4 provides China with enough corn and rice production to meet its domestic 
demand. However, soybean imports remain at 43.4 million metric tons and wheat imports 
decline to 3.3 million metric tons. With rapid increases in technology China is expected to 
produce corn and rice for its domestic demand, but continue to import soybeans and wheat. 
 
  For years, China has been expected to import large quantities of commodities as 
production falls behind consumption. Except for soybeans, that has not occurred. In recent years, 
China has been reducing carry-over supplies to maintain current consumption without increased 
imports. However, carry-over stocks will reach the point where increased imports will be 
required. This study finds that Chinese imports will increase even under the most favorable 
scenarios, indicating that increases in production technology will do little to maintain self-
sufficiency in some commodities. 
 
  China’s import demand for the crops is accommodated by major exporting countries, 
including the United States, Argentina, Brazil, and Europe. Even though expected increases in 
domestic demand for corn for ethanol production in the United States, the United States will be a 
major supplier of corn to China and other importing countries. Brazil is the second largest 
supplier of corn. The United States is also the largest supplier of soybeans to China and other 
importing countries. Argentina and Brazil supplies a significant amount of soybeans to the world 
market. Europe increases its exports of wheat to the world market, while other exporting 
countries maintain their export level. There are not many changes in the total volume of rice 
















30  Appendix Table 1. Domestic Consumption For Major Crops, 2005 
 Wheat  Corn  Soybean  Rice 
------------------------1,000 mt------------------------- 
Argentina  5,114 5,167 29,729 285
Australia  6,352 350 78 395
Brazil  10,243 41,802 35,143 8,596
  North  5,636 23,000 19,336 4,730
  South  4,607 18,802 15,807 3,866
Canada  8,497 10,601 2,400 276
  Alberta  2,297 64 0 30
  British Columbia  26 0 0 39
  Manitoba  1,361 583 0 11
  Ontario  476 9,954 2,400 187
  Saskatchewan  4,337 0 0 9
  Europe  114,200 51,108 15,781 2,545
  FSU-ME  119,921 25,167 3,700 8,013
  Japan  6,006 16,800 4,557 8,302
  Latin America  11,335 19,102 1,915 4,596
  Mexico  6,100 27,400 3,854 750
  North Africa  32,146 14,567 895 3,528
  South Africa  16,328 39,502 925 15,669
  South Asia  100,067 17,082 6,358 119,452
  South Korea  3,580 8,629 1,411 4,776
  South East Asia  11,106 23,650 4,991 90,934
United States  31,213 220,631 49,774 3,708
  Central Plains  4,484 29,511 4,365 0
  Delta  206 10,013 4,355 2,397
  Eastern Corn Belt  4,227 47,018 17,441 0
  North East  3,365 10,765 811 0
  Northern Plains  1,995 7,514 936 0
  Pacific Northwest  1,164 4,152 0 0
  South East  3,983 33,203 8,158 0
  Southern Plains  4,380 17,659 0 278
  West  3,333 9,374 0 847
  Western Corn Belt  4,576 51,422 13,708 186
China  100,122 136,352 44,540 127,111
  Beijing  963 958 545 667
  Changchun  2,042 2,517 981 3,267
  Changsha  4,692 6,607 2,233 9,371
  Chengdu  6,024 8,876 2,765 1,077
  Chongqin  2,209 3,038 1,077 4,149
  Fuzhou  2,103 3,041 1,231 5,048
  Guangzhou  4,835 6,107 3,162 10,902
  Guiyang  2,740 3,880 1,209 4,666
  Haikou  487 705 278 1,143
  Hangzhou  3,129 3,675 1,679 6,423
  Harbin  3,507 3,558 1,332 582
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  Hefei  5,428 6,288 1,751 9,852
  Hohoot  2,231 2,552 844 1,403
  Jinan  8,804 9,997 3,219 4,608
  Kunming  3,102 4,747 1,469 5,875
  Lanzhou  2,470 3,640 901 1,322
  Lasha  250 305 89 137
  Nanchang  2,419 4,356 1,430 6,467
  Nanjing  5,210 6,228 2,568 10,853
  Nanning  2,679 4,697 1,552 7,269
  Shanghai  948 474 1,063 2,612
  Shengyang  3,774 3,902 1,560 6,435
  Shijiah  6,289 10,793 2,321 2,937
  Taiyuan  3,080 4,553 1,154 1,823
  Tianjin  878 825 523 556
  Urumqi  1,846 2,682 672 970
  Wuhan  4,204 5,384 2,130 8,468
  Xian  3,415 5,176 1,256 1,727
  Xining  508 712 181 287
  Yinchuan  557 802 196 528
  Zhengzhou  9,299 15,277 3,169           5,687  
 
Appendix Table 2. Estimated Domestic Consumption For Major Crops, 2020
 Wheat  Corn  Soybean  Rice 
 -------------------------1,000 mt-------------------------- 
Argentina  6,082 7,210 40,926 326
Australia  6,904 482 101 437
Brazil  11,950 56,219 48,526 10,026
  North  6,575 30,932 26,910 5,518
  South  5,375 25,287 21,616 4,510
Canada  9,529 13,727 3,201 310
  Alberta  2,576 83 0 34
  British Columbia  29 0 0 44
  Manitoba  1,526 755 0 12
  Ontario  534 12,889 3,201 210
  Saskatchewan  4,864 0 0 10
  Europe  121,138 61,038 17,358 2,594
  FSU-ME  158,164 34,589 5,162 9,277
  Japan  6,289 17,833 5,084 8,743
  Latin America  14,416 25,273 2,681 5,845
  Mexico  7,729 37,365 5,382 950
  North Africa  42,075 20,568 1,254 4,757
  South Africa  22,586 55,831 1,105 21,586
  South Asia  118,441 23,085 8,953 150,187
  South Korea  3,939 12,088 1,664 5,059
  South East Asia  15,287 32,562 6,925 130,256
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United States  37,753 288,251 65,474 4,414
  Central Plains  5,338 39,091 5,742 0
  Delta  245 12,626 5,729 2,854
  Eastern Corn Belt  5,032 61,916 22,942 0
  North East  4,005 13,579 1,067 0
  Northern Plains  2,375 10,077 1,231 0
  Pacific Northwest  1,386 5,258 0 0
  South East  4,742 42,154 10,731 0
  Southern Plains  5,214 22,276 0 331
  West  3,968 11,817 0 1,008
  Western Corn Belt  5,448 69,457 18,032 221
China  116,883 191,710 63,821 151,221
  Beijing  719 890 550 513
  Changchun  1,811 2,782 1,178 2,987
  Changsha  6,068 9,525 3,532 12,521
  Chengdu  8,035 13,081 4,458 1,416
  Chongqin  2,069 3,547 1,366 4,006
  Fuzhou  2,049 3,691 1,624 5,069
  Guangzhou  6,225 9,867 5,251 15,020
  Guiyang  2,793 4,929 1,669 4,903
  Haikou  348 627 269 841
  Hangzhou  3,452 5,052 2,507 7,303
  Harbin  3,554 4,494 1,828 608
  Hefei  7,389 10,668 2,927 13,225
  Hohoot  1,917 2,732 982 1,242
  Jinan  12,235 15,937 5,124 6,245
  Kunming  3,350 6,389 2,148 6,539
  Lanzhou  2,173 3,990 1,073 1,199
  Lasha  168 255 81 94
  Nanchang  2,577 5,785 2,063 7,104
  Nanjing  7,326 9,808 3,689 15,019
  Nanning  3,058 6,679 2,098 8,551
  Shanghai  722 449 1,095 2,049
  Shengyang  3,981 5,129 2,228 6,996
  Shijiah  7,913 17,062 3,253 3,590
  Taiyuan  2,946 5,427 1,494 1,798
  Tianjin  637 745 513 416
  Urumqi  1,505 2,726 742 815
  Wuhan  5,464 8,521 3,048 11,344
  Xian  3,411 6,443 1,699 1,778
  Xining  352 614 170 205
  Yinchuan  388 696 185 379





33  Appendix Table 3. Harvest Area For Major Crops, 2005 
  Wheat            Corn  Soybean  Rice 
-------------------------1,000 Ha------------------------ 
Argentina  5,533 2,434 14,534 157
Australia  12,878 80 33 53
Brazil  2,540 12,236 21,954 3,613
  North  1,395 7,203 11,587 2,117
  South  1,145 5,033 10,367 1,496
Canada  10,054 1,132 1,129 0
  Alberta  2,636 7 0 0
  British Columbia  32 0 0 0
  Manitoba  1,448 81 0 0
  Ontario  284 1,044 1,129 0
  Saskatchewan  5,653 0 0 0
  Europe  26,117 11,268 647 412
  FSU-ME  61,187 4,593 964 1,091
  Japan  214 1 146 10,588
  Latin America  983 5,026 2,319 1,669
  Mexico  587 7,548 76 264
  North Africa  7,291 1,036 13 625
  South Africa  1,944 24,034 710 6,447
  South Asia  38,875 8,633 6,035 57,473
  South Korea  3 17 83 1,023
  South East Asia  90 7,721 1,632 42,341
United States  20,239 29,810 29,942 1,347
  Central Plains  4,300 2,533 821 0
  Central Plains River  503 2,273 2,200 0
  Delta  373 468 2,340 935
  Illinois North  85 2,945 2,191 0
  Illinois South  279 1,751 1,817 0
  Indiana  105 1,776 1,785 0
  Indiana River  73 463 450 0
  Iowa River  5 1,455 1,047 0
  Iowa West  4 3,566 3,062 0
  Michigan  259 777 802 0
  Minnesota  635 1,231 1,581 0
  Minnesota River  25 1,623 1,273 0
  Missouri River  69 284 463 51
  Missouri West  307 882 1,546 25
  North East  185 874 575 0
  Northern Plains  4,281 2,146 3,113 0
  Ohio  360 1,259 1,790 0
  Pacific Northwest  1,790 84 0 0
  South East  707 1,481 2,234 0
  Southern Plains  3,441 785 227 95
  West  269 77 0 242
 
34  Appendix Table 3 Continued  
  Wisconsin  89 731 459 0
  Wisconsin West  5 322 169 0
  West Northern Plains  2,092 26 0 0
China  24,189 25,219 7,157 20,402
  Anhui  1,173 767 358 1,155
  Beijing  193 135 8 8
  Chongqin  238 394 36 388
  Fujian  22 29 128 650
  Gansu  657 411 103 3
  Guangdong  7 148 114 1,317
  Guangxi  10 472 138 1,178
  Guizhou  289 576 71 368
  Hainan  0 14 10 195
  Hebei  2,450 2,076 201 87
  Henan  5,766 1,828 282 235
  Heilongjiang  585 3,680 1,429 1,728
  Hubei  487 329 110 4,024
  Hunan  58 224 102 1,935
  Jiangsu  2,076 717 276 1,992
  Jiangxi  29 19 175 1,477
  Jilin  38 2,377 494 305
  Liaoning  2,194 1,586 137 257
  Neimong  386 1,156 389 58
  Ningxia  150 243 27 39
  Qinghai  97 5 0 0
  Shaanxi  757 873 1,432 69
  Shandong  2,765 3,973 530 97
  Shanghai  209 10 3 94
  Shanxi  500 654 119 2
  Sichuan  811 1,072 181 1,242
  Tianjin  313 125 15 33
  Xingjiang  1,141 395 62 83
  Xizhang  357 5 0 1
  Yunnan  329 891 88 529













35  Appendix Table 4. Estimated Harvested Area For Major Crops, 2020 
 Wheat  Corn  Soybean  Rice 
------------------------1,000 Ha------------------------- 
Argentina  5,599 2,408 16,393 159
Australia  13,643 87 36 56
Brazil  2,678 12,113 25,001 3,788
  North  1,374 7,157 14,394 2,084
  South  1,304 4,956 10,607 1,704
Canada  9,870 1,183 1,259 0
  Alberta  2,588 7 0 0
  British Columbia  32 0 0 0
  Manitoba  1,421 85 0 0
  Ontario  279 1,091 1,259 0
  Saskatchewan  5,550 0 0 0
  Europe  25,931 11,158 692 409
  FSU-ME  60,048 4,948 996 1,071
  Japan  178 1 140 8,823
  Latin America  975 5,426 2,640 1,655
  Mexico  549 8,018 114 247
  North Africa  8,093 984 19 694
  South Africa  2,633 27,504 1,081 8,731
  South Asia  42,773 9,200 8,566 63,235
  South Korea  3 20 85 1,212
  South East Asia  90 7,039 1,930 42,313
United States  19,927 30,890 32,068 1,066
  Central Plains  4,687 2,302 942 0
  Central Plains River  438 1,870 2,554 0
  Delta  271 531 2,629 679
  Illinois North  66 3,347 2,473 0
  Illinois South  235 1,958 2,060 0
  Indiana  97 2,051 2,040 0
  Indiana River  60 505 511 0
  Iowa River  4 1,634 1,210 0
  Iowa West  3 4,001 3,522 0
  Michigan  246 915 930 0
  Minnesota  652 904 915 0
  Minnesota River  24 1,196 737 0
  Missouri River  55 323 535 40
  Missouri West  250 1,004 1,789 20
  North East  185 953 653 0
  Northern Plains  4,410 2,372 3,383 0
  Ohio  354 1,446 2,085 0
  Pacific Northwest  1,730 80 0 0
  South East  630 1,637 2,480 0




36  Appendix Table 4 Continued  
  West  268 78 0 241
  Wisconsin  73 591 265 0
  Wisconsin West  4 245 98 0
  West Northern Plains  2,069 30 0 0
China  25,092 29,125 9,499 29,336
  Anhui  1,140 827 495 1,684
  Beijing  181 140 11 12
  Chongqin  244 447 52 596
  Fujian  22 31 175 939
  Gansu  655 454 145 5
  Guangdong  6 145 143 1,749
  Guangxi  10 537 202 1,813
  Guizhou  290 639 100 552
  Hainan  0 14 14 273
  Hebei  3,765 3,539 440 200
  Henan  5,836 2,052 406 357
  Heilongjiang  565 3,941 1,962 2,504
  Hubei  465 349 149 5,770
  Hunan  55 237 138 2,761
  Jiangsu  1,621 621 307 2,334
  Jiangxi  27 20 236 2,094
  Jilin  40 2,747 732 476
  Liaoning  2,029 1,627 180 357
  Neimong  379 1,260 544 85
  Ningxia  142 255 36 56
  Qinghai  92 5 0 0
  Shaanxi  726 839 1,375 66
  Shandong  2,832 4,515 772 148
  Shanghai  196 10 4 132
  Shanxi  418 606 142 3
  Sichuan  851 1,248 271 1,956
  Tianjin  291 129 19 47
  Xingjiang  1,335 512 103 145
  Xizhang  342 5 1 1
  Yunnan  445 1,336 168 1,074
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